Spatial meson correlators and
screening masses
at finite temperature
in lattice simulations with HISQ

Yu Maezawa (Lattice gauge theory, BNL)

Bielefeld University from October

in collaboration with
A. Bazavoy, F. Karsch, S. Mukherjee, P. Pefreczky

seminar @ BNL, Sep 26, 2013 »



Contents

Introduction: Quark-Gluon plasma, lattice QCD...

Meson propagators in HISQ and spectrum at T=0

way Strangeness, open-charm and charmonium

Screening mass at finite T
At T < T, consistency with pole mass at T=0
At T ~ T_, modification of meson bound state in QGP
At high T, comparison with thermal perturbation theory

Momentum on charmonium

Summary



Hot QCD world
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Amazing plasma of quarks and gluons...

= QCD thermodynamics



QCD thermodynamics

Bulk properties of QGP

o~

~

v Phase transition
- chiral, deconfinement, T, scaling

v Equation of state
- pressure, energy density

v’ Fluctuation
- B, Q, S susceptibilities

Internal properties of QGP

v' Hadron excitation
- dissociation of hadrons
- color screening in plasma

v Quark-gluon correlation

- transport coefficients
- dilepton emission



QCD thermodynamics

Bulk properties of QGP Internal properties of QGP
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Meson in thermal medium

Low T: bound state ol
High T screened due to thermal fluctuation | -

and dissociate in medium

» charmonium: purely created after collision
direct probe in HIC experiments

J/y suppression
== direct signal that Quark-Gluon plasma is created
Matsui and Satz (1986)
Survival probability of J/y
55 e PHEN AusAu (41039 in PHENIX experiment at RHIC...

Suppression of survival probability of J/y
> o

Theoretical understanding properties

of hadronic excitation in QGP
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Lattice QCD at finite temperature

QCD: Strong non-linearity and multi-dimensional integration

= Numerical simulations with probability distribution on finite lattice

0) = 5 [ WadbdOw. b, v)e

1
~ N Z; oU;) U;: configurations

Lattice formulation: imaginary time (Euclidian) formalism

1/T
S:/ dT/d%z(T,X) — Z L(n,,ny)
0

N, MNx

limitations of temporal size at finite temperature

Hadrons on lattice: temporal correlation function

e.g.) meson

G(r) = 3 (T} (0,0) T (r,x)) 7225 Ae~mo Ji(7, %) = qlxq(r, %)

x m,: mass of ground state

o ...difficult to extract meaningful signal at 7 < 1 / T o



Lattice QCD at finite temperature

Meson correlation function to spatial direction . A

1/T
G(z,T) = /alxdy/O dT<JIT{(O,O)JH<7‘, x)) 2= Ae~Mr= Tb

Screening mass: response to meson due to thermal effect
advantage z < L,

°° 2d > :
» G<Z’T):/ - / dp.e'"** p(w, p.,T)
0 — 00

Spectral function

Atlow T: p(w,p.,T) ~ §(w® —p? — M?) =) screening mass = peak position
/ At high T: zero mode w0 (w) = contact term of free quarks

\ Estimation of survival and/or modification temperature of meson states

e.g.) temporal correlation function

G(r.T) = / B(J1(0,0) 75 (r, %)) = /O " dwK (7,0, T)p(w,T)

cosh(w(r —1/2T))

K(rw,T) = sinh(w 2T

zero mode w) non-decaying constant contribution



Meson screening mass at finite T

Boundary Condition: Investigation of hadronic modification _ =
Anti-periodic BC: q(£,1/T) = —q(Z,0) /-
Periodic BC: q(Z,1/T) = q(Z,0) \T

Screening mass in thermal medium...

at T' ~ (), meson bound state: pole mass at T=0: M (1) ~ my @

=9 Bosonic state: no BC dependence

at’l' ~ T’ bound states broaden: sensitive to quark structure

Fermionic contribution: MAFB £ MFB

J
g
/

at’/" — 00, free meson with two quark propagators

which have the lowest Matsubara mode:

MAPB 2\/(7TT)2 +m2

free

MFPB 2myg

free



Previous results on charmonium in lattice

Temporal correlation in quenched QCD (a part is full-QCD)

> 1S charmonium state survives at T < 1.6TC

in maximum entropy method

Asakawa et al. (2001) (2004), Wetzorke et al. (2002), Umeda et al. (2005),
Datta et al. (2004), Jakovac et al. (2007), Aarts et al. (2007)

in variational method
lida et al. (2006), Ohno et al. (2011)

» no peak of bound state at T' ~ 1.46T, with a = 0.01 fm in MEM
Ding et al (2010)

Spatial correlation in full-QCD

» significant modification at T' ~ 1.5T , in staggered-p4 action
Karsch et al. (2012)

in this study: spatial correlation in 2+1 flavors of HISQ

charmonium, open-charm and strangeness sectors



Lattice simulations
with HISOQ




Highly Improved Staggered Quarks

HISQ action Bazavov et al. (2011) * aws M, [MeV]

500 +

Reduction of the taste violation HISQltree @

stout v

400 |

asqgtad

Control of the cutoff effects

. 4

Bulk thermal properties: investigated
Hot-QCD Coll. (2011)

300 |

200

100 ¢

|a [fm]

abundant statistics with widely T range: utilizable %0 0.05

Lattice setup
2+1 flavor QCD (charm quenched)
m,/m = 0.05 (m,~160 MeV, m;~504 MeV)
48°x48 or 64 at T=0
48°x12, p = 6.664—7.280 (T = 138 —245 MeV, 15 points)
N=10, 8, 6,4 at p =7.280, N/N =4 (T =297 —743 MeV)

scale: f, input

meson propagators: point and wall sources (5000 —10000 traj.)



I'=0

» Meson propagators in HISQ

» Meson spectrum in strange and charm




Meson correlators in staggered action

Staggered propagator: mixture of parities

C(r)
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Meson propagator: S and PS
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Meson spectrum at I =0

S PS AV \Y
Ground states with negative parity T'oyys 1| va | vive vivs|| v | e
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35 | <
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Finite temperature

» Screening mass: Anti-periodic BC and periodic BC
« Charmonium
* Open-charm and strangeness
» At high temperature
* comparison with thermal perturbation theory

> Momentum on charmonium




Charmonium screening mass at T ~ T

Screening mass divided by pole mass at T=0

N ==l atlow T: M (T)/mq = 1
S L S M <T> / mo __ at T~200—220 MeV:

APB: increases
PB: decreases

at high T:
MAPB ~ 24/(7T)2 + m?2

MYB ~ 2m,

fermionic PB *

0.9 . . , . : Ne, J / w survive at T <1.3T,
120 140 160 180 200 220 240 260 280 300

T [MeV] and modified at T>1.3—1.4T,
-

bosonic: meson bound state
o fermionic: sensitive to quark structure o



Open-charm and strangeness: T ~ T
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at T ~160 MeV:
discrepancy btw APB and PB

“ D, D¥ modified at T> T,

even at T <140 MeV:

(7735) ) ¢ significant modification at T < 0.8T,

discrepancy btw APB and PPB

5% mass shift at T~ T,
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Screening mass vs. pole mass
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near critical temperature (T,.= 159 MeV)

modifications due to thermal effect appear
CC: T~200—220 MeV (~1.3 T,,)
sc: T~160 MeV

$5: T<140 MeV

Nes J / 1 survive above T

(similar to p4 action)

(77 c §) ; ¢ significant modification
even below TpC



Finite temperature

» At high temperature

« comparison with thermal perturbation theory




Screening mass at high T vs. thermal perturbation
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with T increasing.. - MAPB 9 \/(ﬂ.T)Q 1 m2
ree q

cC, SC
M/T decreases and converges to 27w
SS
Significant T dependent slightly above T,

Convergence to 2

PS: from below
V: from above

(Thermal perturbation Laine et al 2004 )
» all channel converges

0.022(N+ = 0
Muyeare = 27T (1 + g2 x (N ))

» described by
{O 033(Ny = 3) )

on lattice: no convergence
&) similar results in p4 (2011)

precise investigations at high T future



Finite temperature

> Momentum on charmonium




Momentum on charmonium

J/y produced in heavy-ion collision:

Py~ 3--10 GeV in Au+Au @ STAR
1107.0532

Py~ 2--4 GeV in pb+pb @ ALICE
1208.5401

Theoretical investigation:

bound state of J/y suppressed at large momentum

in meson effective model, weak coupling effective theory and AdS/CFT
Haglin et al (2001) Escobedo et al (2011) Aarts et al. (2012) Liu et al (2007)

Meson propagators with finite momentum on lattice

, ' 1/T
G(z,T) = /da:dye%xwyy/ dr(J}(0,0)Jg (7, %))
0
momentum on lattice
2 2 2 2mk;
Pl = Dy —|_py7 ap; = ——, k/[, = O*Nz/2

L;



Dispersion relation of n_at T=0
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satisfied well at p S 2-3 GeV

data noisy at p > 3 GeV

Screening mass with finite momentum

M?*(T,p) = E* — p

no significant momentum dependence

atpl S 2-3 GeV
momentum: P ~~ My,

too small to expect strong modification...

larger momentum: in future ©



Summary

Meson screening masses in Highly Improved Staggered Quarks

for charmonium, open-charm and strangeness

at low T: corresponding to pole mass at T=0 @

at high T: convergence to 2\/ (7T)*> +mg with Anti-periodic BC
2myq with periodic BC
Modification due to thermal medium

Tle, J/@b surviveat T~1.3 T,
Dy, D: modified at T ~ T
(7785 ) ; ¢ significant modification even at T< 0.8 T,

Comparison with thermal perturbation: S8 V— is similar, but PS— is not

=) no convergence: precise investigation at higher T

No significant momentum dependence on charmonium at p ;, <2-3 GeV

Future... charmonium: ABC-BC relation to spectral function (MEM)?
strangeness: role in strange fluctuation and deconfinement?



